Anomalous origin of the Left main Coronary Artery from the Pulmonary Artery (also called ALCAPA or Bland-White-Garland syndrome) is a rare finding with an o ften fatal natural history due to left ventricular i schaemia. T his case report describes the late diagnosis and therapy of an anomalous origin of the left anterior descending coronary artery from the pulmonary artery. The natural history and therapeutic options of an anomalous left coronary artery origin from the pulmonary artery, be it a partial (as in our case) or a complete " ALCAPA", are discussed.
Summary
Anomalous origin of the Left main Coronary Artery from the Pulmonary Artery (also called ALCAPA or Bland-White-Garland syndrome) is a rare finding with an o ften fatal natural history due to left ventricular i schaemia. T his case report describes the late diagnosis and therapy of an anomalous origin of the left anterior descending coronary artery from the pulmonary artery. The natural history and therapeutic options of an anomalous left coronary artery origin from the pulmonary artery, be it a partial (as in our case) or a complete " ALCAPA", are discussed.
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Case report
We report the case of a 27-year-old woman with a history of chest pain on exertion for several months. She had undergone surgical ligation of a patent ductus a rteriosus (PDA) by the age of 12 in another country. Given her history of congenital heart disease, she was directly referred to our centre for congenital heart d isease for further work-up. She had a history of two uneventful pregnancies, two and four years previously, with uncomplicated deliveries. On auscultation, there was a continuous murmur best heard on the back and at the left sternal border. During a standard exercise treadmill test, she reported chest pain at peak exercise, accompanied by >2 mm ST-segment depression in leads V4-6 ( fig. 1 ). Trans thoracic echocardiography showed normal bi ventricular size and function. Left ventricular diastolic and systolic function was preserved with no regional wall motion abnormalities. On colour Doppler, there was no sign of a residual PDA. The aortic valve was tricuspid with trace regurgitation. Further, Doppler flow signals were observed in the interventricular septum. A coronary fistula was presumed. Echo quality was insufficient to visualise the origin and size of the left and right coronary arteries in the parasternal short-axis view. Because of the po- sitive exercise test and the s uspicion of coronary fistulae, coronary angiography was performed. On angiography, the left circumflex (LCx) and the right coronary arteries (RCA) had their usual origins in the aortic root, but the left anterior d escending coronary artery (LAD) was retrogradely perfused via contralateral collaterals from the RCA (fig. 2 ). The RCA was enlarged. The origin of the LAD could be selectively intubated with a 5 French left Amplatz catheter in the anterior aspect of the main pulmonary artery ( fig. 3 ). Computed tomography confirmed the pathoanatomical situation ( fig. 4) . Because of the extensive coronary collaterals between the RCA and LAD, our first approach was to i mprove retrograde LAD coronary artery flow by percutaneous occlusion of its pulmonary origin, thereby preventing coronary steal into the low pressure pulmonary circulation. This concept was based on pathophysiological considerations. There was no available l iterature that discussed treatment options for this rare clinical entity. Despite several manoeuvres (stabilisation of the guiding catheter at the pulmonary origin by a Magnum or Terumo wire placed in the LAD, in flation of a Maverick balloon in the LAD), it was not possible to create sufficient catheter back-up to plug the coronary ostium. A few weeks later, the patient under went cardiac surgery with reinsertion of the LAD into the aorta by means of a venous interponate. The distance of the LAD origin from the aortic sinus did not allow direct reimplantation of the coronary vessel. The postoperative course was uncomplicated. Treadmill exercise testing was uneventful 3 and 24 months after the surgery and the patient remained free of symptoms. 
Figure 4
Three-dimensional reconstruction of the coronary computed tomography angiography showing the origin of the left anterior descending coronary artery (LAD) from the pulmonary artery (PA) and the origin of the left circumflex coronary artery (LCx) from the aorta (Ao).
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Discussion
Anomalous origin of a coronary artery from the pulmonary artery is rare, and its incidence is not known. The most common of these anomalies is the origin of the left main coronary artery from the pulmonary artery ( ALCAPA), followed by the origin of the single RCA or the LAD from the pulmonary artery, as shown by Ya manaka et al. in an analysis of 126,595 coronary a ngiographies between 1960 and 1988 [1] . Between 1971 and 1991, only 15 cases of a LAD from the pulmonary artery were reported [2] , with an additional 20 more cases in the past 20 years.
In patients with ALCAPA, fatal left ventricular infarction, congestive heart failure and sudden cardiac death are common [3] . T hese adverse events are less severe or even absent in patients with only the LAD originating from the pulmonary artery, probably because less myocardium is in jeopardy from retrograde myocardial perfusion. As a result of decreased pressure in the LAD originating from the low pressure pulmonary artery system, reversed coronary flow develops with myocardial ischaemia promoting collateral vessel formation. Depending on the amount of collateral flow and pulmonal arterial resistance, some patients r emain asymptomatic until adulthood. With this in mind, the presence of a PDA in the first years of our patient's life may have contributed to a mild clinical course. Now, in adult life with new symptoms and objective myocardial ischaemia, further therapy became mandatory.
For patients with ALCAPA, the aim of surgery is to establish a two-coronary system with antegrade flow. The best results were shown for direct reimplantation of the anomalous coronary artery into the aorta. Other surgical options include ligation of the pulmonary o rigin of the anomalous coronary artery and, usually, grafting of the vessel with a saphenous vein graft or i nternal mammary artery graft. The Takeuchi procedure includes reinsertion of the anomalous coronary artery in the aorta by creating a transpulmonary t unnel [4] . So far, the optimal surgical option in patients with an isolated anomalous origin of the LAD from pulmonary artery is unclear.
